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Abstract 
Current study is a multiple case study exploring three pre-service science teachers’ pedagogical content knowledge for 
instructional planning regarding nature of science (NOS) teaching. All pre-service science teachers were taught NOS explicitly 
and expected to integrate their understanding of nature of science into their lesson plans. The analysis of lesson plans showed that 
participants still had difficulties in both integrating NOS explicitly and selecting appropriate strategies for assessing students’ 
NOS understanding. The results suggested that efforts to improve pre-service science teachers’ pedagogical content knowledge 
for teaching NOS should put more emphasis on strategies for assessing NOS and how to integrate NOS explicitly into science 
content. 
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1. Introduction 
 
Scientific literacy has been agreed upon as a vital goal to enhance society. Having people with desired 
understanding of how science works has been presented as a crucial component to achieve scientifically literate 
society. That poses understanding of nature of science as an indispensable part of scientific literacy (Abd-El-Khalick 
& Lederman, 2000). Although there is no only one explanation of what NOS is, K-12 educators and some 
philosophers agreed upon to describe it as values and beliefs inherited to development of scientific knowledge 
(Lederman, 1992). Despite its critical importance, research studies have shown that both teachers and students have 
naïve understanding of NOS (Abd-El Khalick & Lederman, 2000). Since teachers’ beliefs have been claimed to 
influence their science teaching and students attitude toward science (Abell & Smith, 1994), it is vital that teachers 
have adequate understanding of NOS as well ability to transfer that understanding into practice. Thus, teachers must 
have required pedagogical content knowledge (PCK) for teaching NOS which includes adequate subject matter 
related NOS and having knowledge of instructional strategies, examples, and activities to reflect NOS in class 
(Hanuscin, Lee, & Akerson, 2011). Nonetheless research related teachers’ NOS practice has not paid enough 
attention (Akerson & Hanuscin, 2007). Therefore, investigation of teachers’ ability to transfer their NOS 
understanding into practice and how that ability could be improved still remained open to investigation (Lederman, 
2007).   Since pre-service science teachers have limited teaching opportunities, it is quite difficult/or not easy to 
make robust claims related their NOS teaching practice. In that sense, lesson plans of pre-service science teachers 
might serve as an appropriate tool to monitor their progress in relation to their NOS practice. That is, lesson plan 
analysis regarding NOS might provide an understanding of teachers’ decisions about instructional activities and 
assessment strategies of NOS as well as integration of NOS into science content. In the light of related literature, 
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current study attempted to investigate pre-service science teachers’ instructional planning regarding NOS through 
lesson plan analysis. 
2. Method 
This study was a multiple case study conducted to explore three junior pre-service science teachers’ instructional 
planning for teaching NOS.  All participants attended science teaching method I course covering NOS issues at 
previous semester, thus were expected to have certain level of NOS knowledge.  
Context of the Study 
The study was carried out in the context of the science teaching method II course. This course was a compulsory 
course offered during the sixth semester of the teacher education program covering mainly NOS and scientific 
literacy. Students were required to prepare lesson plans and present them through the course. Each lesson plan 
included NOS components in which students were supposed to include NOS explicitly in objectives, in description 
of activities and in evaluation parts of the lesson plan. In short, students were supposed to reflect their NOS 
knowledge on their lesson plans. In lesson plan, objective part was referring the goals of the lesson desired to be 
achieved, description of the activities part was standing for the place where participants were supposed to explain 
every anticipated action of the teacher to reach the objectives. Finally, evaluation part was pointing out assessment 
strategies to check if the objectives were achieved. Course instructor gave feedback to each lesson plan particularly 
in association with NOS instructional planning. These feedbacks provided an opportunity for students to revise and 
refine their subsequent lesson plans. Additionally, throughout the course, students were supposed to present their 
lesson plans. Each lesson plan presentation was followed by class discussions related to how better NOS could be 
included into teaching practice.  These discussion sessions also allowed students to clarify unclear NOS aspects as 
well as to refine their ideas on NOS integration into teaching.  
Data Analysis 
Three lesson plans were analyzed to explore participants’ instructional planning for teaching NOS. While doing 
analysis qualitative approach were adopted. Researchers took reflective notes, drafted a summary sheet and created 
patterns to understand participants’ NOS instructional planning (Miles & Huberman, 1994).  This data analysis 
helped researchers to understand participants’ instructional planning, their strengths and weaknesses for teaching 
NOS regarding objectives, description of activities and evaluation parts in lesson plans. Pseudo names were given as 
Case-I, Case-II, Case-III.   Two researchers independently analyzed these responses and these analyses were 
compared, with any differences resolved through discussion. 
3. Results 
Analysis of lesson plans revealed student teachers’ progress trajectory in relation to NOS teaching in their lessons 
through lesson plan analysis. Figure 1 represents summary of the three participants’ progress concerning NOS 
teaching through analysis of the lesson plans. 
 
 
 Lesson Plan I Lesson Plan II Lesson plan III 
Case I  NOS objectives not 
included  
NOS integration not 
included into activities part 
 NOS evaluation not 
included 
 
Inclusion of NOS into 
objectives 
Inclusion of NOS into 
activities part 
 NOS  evaluation not 
included 
 
Inclusion of NOS into 
objectives 
Inclusion of NOS into 
activities part 
 NOS evaluation not 
included 
Case II  NOS objectives not 
included 
 NOS integration not 
included into activities part 
Inclusion of NOS into 
objectives 
Inclusion of NOS into 
activities part 
Inclusion of NOS into 
objectives 
Inclusion of NOS into 
activities part 
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 NOS evaluation not 
included 
Inclusion of NOS into 
evaluation 
 
Inclusion of NOS into 
evaluation 
 
Case III  NOS objectives not 
included 
No NOS integration not 
included into activities part 
No NOS evaluation not 
included 
 
NOS objectives not 
included 
Inclusion of NOS into 
activities part 
Inclusion of NOS into 
evaluation 
Inclusion of NOS into 
objectives 
Inclusion of NOS into 
activities part 
Inclusion of NOS into 
evaluation 
 
 
Table 1. Summary of the lesson plan analysis 
 
Case I 
Analysis of the first lesson plan indicated that participant pre-service science teacher did not show any effort to 
include NOS into her lesson plan. However, after providing feedback, observing lesson plan presentations and 
participating in class discussions, some progress has been detected in the second and third lesson plans regarding 
NOS instructional planning. For example, participant included NOS objectives and showed efforts to provide 
explicit reflective NOS instruction.  For instance, she included questions into third lesson plan to connect NOS to 
science content which is heredity. By this way, she showed some efforts to initiate NOS discussion through 
questions: “… I will ask questions to the students about the aspects of the NOS in this part. Here are the questions: 
What are the NOS aspects in this history of heredity? Can we say that scientific knowledge may change over time 
by looking the development of theories related to heredity?” Additionally, objectives specifically addressing NOS 
issues were included: “…Students should be able to discuss that those theories may change over time...” Second 
lesson plan included four objectives related to NOS and third one included three NOS objectives. However, for 
evaluation part in the last two lesson plans, this participant did not consider to assess students’ knowledge regarding 
NOS.  
Case II 
 
 
Similar to Case I, second participant did not include NOS in any part of the lesson plan either. Nevertheless, for the 
second and third lesson plans, participant’s efforts to address NOS in instructional planning have been observed. 
Inclusion of objectives related to NOS and explicit NOS instruction as well as evaluation of students’ NOS 
knowledge have been realized.  While second lesson plan had one NOS objective third lesson plan included three 
NOS objectives such as “Students should be able to identify that experiments are not only route of getting scientific 
knowledge”.  For the NOS integration into activities part, it has been seen that this participant created specific 
discussion questions to address NOS. Additionally, participant’s tendency to be reflective also has been revealed 
through lesson plan analysis: “I am planning to talk about differences between Darwin’s and Lamarck’s ideas.  After 
I mention details I am planning to ask why scientists have different views about the evolution. What can be the 
reasons of these different kinds of claims? With doing this I am planning to create discussion environment for 
learning the ideas of students related to subjectivity and creativity aspect of nature of science. I am also planning to 
ask why the Darwin’s theory is most acceptable one today. Why Lamarck’s theory is rejected? Is scientific 
knowledge can change trough out time? With asking these questions I am planning to emphasize tentative aspect of 
science”. She preferred to use questions targeting NOS aspects for evaluation in her second and third lesson plans: 
“I am planning to ask a question what we learned related to NOS? Which aspects did we cover? I will evaluate 
their NOS understandings related to the participation’s of these questions” 
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Case III 
 
Concurrently with former cases, participant did not address NOS in any parts of the first lesson plan.  Concerning 
objectives, she did not include any NOS objectives in second lesson plan, however, third lesson plan contained three 
objectives related to NOS: “Students should be able to: (1) explain that scientists can not only make experiments 
but also observations to collect data, (2) state that scientists use their creativity to reach scientific knowledge, (3) 
specify the reasons of tentativeness aspect of NOS”. Through the second and third lesson plans, discussion 
questions and clear connection between examples and NOS issues has been detected: “Then lesson will continue by 
talking about Volta. During this time, creativity aspect will be tried to be given by comparing Volta and Galvani. 
……I will ask that: What can be the reason of that Volta did not continue working on an animal cell like Galvani? 
After students give their answers, I will say that Galvani could not think in the same perspective with Volta. Volta 
might have more creativity than Galvani and so he thought that I did not need an animal cell to create an electric 
current, because he found the reason of the electric current. Then, he made an experiment by using his inferences.” 
For NOS evaluation, participant preferred to asses students’ NOS knowledge by giving homework through both in 
second and third lesson plans. In this homework students are expected to find an example which shows scientific 
knowledge can change in time and write the reason(s) of this change.  
 
 
Discussion and Conclusion 
 
 
To investigate pre-service science teachers PCK for NOS, lesson plans might be a good tool. Lesson plan 
analysis in current study revealed that pre-service science teachers made a progress in their NOS instructional 
planning as a result of continuous classroom support. As suggested by Akerson and Abd-El-Khalick (2003) when 
sufficient support is provided through instructor’s feedback, class discussions, and peer lesson plan presentations all 
participants could make considerable improvement regarding their NOS instructional planning. That is, feedback 
and opportunities for reflection through class discussions provided them with motivation to include NOS into their 
instructional planning (Akerson, Cullen, & Hanson, 2010).  Results of the present study showed that none of the 
participants addressed NOS aspects in their first lesson plans.  That is aligned with the claim that having desired 
understanding of NOS does not guarantee to transfer this understanding into practice (Abd-El-Khalick, & Lederman 
2000). However, during science teaching method course they attended class activities, observed peer presentations 
and got feedback. At the end of the course they built some certain level of pedagogical content knowledge for NOS. 
In other words, they learned how to teach NOS. This improvement has been seen in their second and third lesson 
plans. For example, in their lesson plans, all participants included NOS objectives which mean they purposefully 
planned to teach NOS and perceived NOS as an instructional outcome. That result might be seen as a first step to 
achieve explicit reflective NOS instruction in classes which has been presented as a purposeful planned attempt to 
teach NOS (Abd-El- Khalick & Lederman, 2000). Although integration of NOS into activities and NOS evaluation 
were more complex tasks compared to writing NOS objectives, analysis of lesson plans revealed that all participants 
were able to address NOS in both activities and evaluation parts of their lesson plans. Regarding inclusion of NOS 
into activities, all participants were able to write specific questions targeting to initiate NOS discussion and make 
clear connections between examples given and NOS issues which ensure explicit reflective NOS instruction in their 
instructional planning. However, when it comes to evaluation part, it has been seen that their NOS evaluation has 
been limited to summative assessment. Additionally, as an assessment strategy all preferred to use specific questions 
about NOS at the end of the lesson and homework related to NOS. It could be inferred that they did not use variety 
of NOS assessment strategies. Use of limited NOS assessment strategies might be due to the reason that less 
discussion opportunities has been provided regarding NOS assessment during classes. Additionally they rarely 
observed NOS assessment in their peers’ lesson plan presentations. Therefore, participants might need to be taught 
how to evaluate NOS specifically. As it is seen, lesson plans might be a good indicator of what pre-service teachers 
knows about how to teach NOS and what they need to know. Since some certain level of PCK for teaching NOS is 
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required to be able to address NOS into classrooms (Hanuscin, Lee, & Akerson, 2011), trajectory of lesson plans 
might serve as a good tool to understand their progress regarding their ability to teach NOS. 
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